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(54) Subscriber terminal, network controller and communication system for performing packet 
data transfer with reduced delay 



(57) In a communication system (SYS) in which a 
packet data transfer is performed between the network 
side (NS) and the subscriber terminal side (SS) a phys- 
ical connection (LC) is maintained during the data pack- 
et transfer. An active period detector (AP-DET) detects 
an active period of data packet generation by evaluating 
the inter-amvat time (TDIFF) between successively ar- 



riving data packets (DP). If the inter-amval time (TDIFF) 
fails within a predetermined range a physical connection 
maintaining device (LC-MAIN) maintains the physical 
connection (LC) even if a transmitter queue (TR-QUE) 
temporarily becomes empty. Therefore, within the active 
period (AP) the transmitter (NS-TR; SS-TR) indicates a 
non-empty queue. The invention finds particular appli- 
cation in the GPRS/(E)GPRS/GS1\^ environment. 
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Description 

FIELD OF THE INVENTiON 

[0001] The invention reiates to a subscriber terminai, 
a networi< controiler and a conannunication system for 
performing a packet data transfer on a connection be- 
tween a subscriber terminal side and a network side. 
Thie communication system can comprise only a packet 
data communication system or a packet data communi- 
cation system connected to a circuit switched commu- 
nication system. 

[0002] In such a communication system a physical 
connection is maintained during a data packet transfer. 
A physical connection in principle indicates in the sub- 
scriber terminal side and In the network side that the 
subscriber temnlnal and the network side are valid for 
perfomning a packet data transfer. A data packet transfer 
can only be perfonned if the physical connection is es- 
tablished. 

[0003] The present invention in particular addresses 
the problem to detemitne and evaluate appropriate con- 
ditions for maintaining or terminating the physical con- 
nection. 

BACKGROUND OF THE IMVEMTION 

[0004] Although the invention is of course not limited 
to any particular type of communication system com- 
prising a packet data communication network ora circuit 
switched communication network and a packet 
switched communication networic in combination, the 
background of the invention can most be easily under- 
stood by reference to the GPRS (General Packet Radio 
Service) system in GSM (Global System for Mobile 
Communication). GPRS is a new packet switched serv- 
ice which is standardized by ETSI. 
[0005] As shown in Fig. 1 , a communication system 
SYS incorporating a GPRS network architecture com- 
prises for the conventional circuit switched mobile com- 
munication networt( the well-known entities of e.g. a mo- 
bile switching centre MSG, a base transceiver station 
BTS, a base station controller BSC, a home location reg- 
ister HLR etc. wherein the mobile switching MSG may 
be connected to a conventional public switched tele- 
phone network PSTN. 

[0006] The GPRS architecture (illustrated with grey 
shading) introduces new packet switching functionali- 
ties in the existing GSM architecture. According to the 
GSM specifications a new node SGSN (SGSN: Serving 
GPRS Support Node) is provided which is interfaced via 
interfaces Gb. Gs, Gr with the base station controller 
BSC, the mobile switching centre MSC and the home 
location register HLR. Via the SGSN node an IP back- 
bone network can be accessible in the conventional mo- 
bile communication networt^. By means of additional 
nodes GGSN (GGSN: Gateway GPRS Support Node) 
an IP networic or X.25 network can for example be con- 



nected to the IP backbone network. 
[0007] In Fig.' 1 the dotted lines denote an exchange 
of signalling messages, the dashed lines denote a circuit 
switched connection and the solid lines denote a packet 
s switched connection. 

[0008] The existing GSM data services (9.6 k-bit/s 
packet switched) and a newly standardized High 
Speech Circuit Switched Data HSCSD and GPRS with 
data rates up to 114 k-bit/s are based on a Gaussian 
10 Minimum Shift Keying (GMSK) Modulation Scheme. 
[0009] To be able to have even higher bit rates a 
B-Phase Shift-Keying (PSK) modulation scheme is in- 
troduced with an advanced standard, called the EDGE 
standard, which can boost the available data rate up to 
15 384 k-bit/s (EDGE: enhanced Data Rate for GSM Evo- 
lution). A new extension called EGPRS (Enhanced Gen- 
eral Packet Radio System) is considered as the migra- 
tion from the second generation mobile network to the 
third generation Wideband Code Division Multiplex Ac- 
20 cess (WCDMA) networks. As shown in Fig. 1, GPRS 
provides a packet switched transmission service to 
transport data in a mobile environment. This packet ori- 
ented data service for GSM supports protocols like X. 
25 and IP as level 3 protocols and therefore Is suitable 
25 to work as air link forthe access to the IP based Internet. 
Another advantage in respect of Internet application in 
the mobile communication network via GPRS is that a 
packet oriented sen/ice no longer needs a costly online 
connection (i.e. an available online connection) applying 
30 time based charging but enables volume based charg- 
ing. 

[0010] In the system in Fig. 1 the aim Is that the com- 
munication system SYS shall be able to support all ex- 
isting applications via packet switched links, including 
35 voice and video but should also support application with 
bursty traffk;, such as Internet applications whose bursty 
nature requires efficient multiplexing on the GSM time 
slot (TS). The idea is to build a unified networi< based 
on IP providing service flexibility and independence of 
40 applications and the network. 

[0011] In particular due to the time critical nature of 
speech it is important to meet the tight quality of service 
requirements of real time traffic. For example, in real 
time applications as VoIP (Voice over Internet Protocol) 
45 over GPRS and EGPRS, the end-to-end delay time of 
the transfer of data packets is an important aspect, since 
for example a high delay time might sound like a speech 
pause at the receiving end. Therefore, in particular for 
real time applications special provisions regarding the 
50 nnaximum delay time must be made. 

Protocol structure 

[0012] In Fig. 2 the GPRS protocol stmcture for the 
55 communication network SYS in Fig. 1 is shown. MS is 
the protocol stack of the mobile station or subscriber ter- 
minal, more generally of a communication station. BSS 
is the base station system and SGSN and GGSN are 
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[0021 1 A coder o n the transmitting subscriber temninal 
side SS or the network side NS may use a silence de- 
tector to avoid generating packets during speech paus- 
es. When the silence detector detects a silence period 
it sends a silence insertion descriptor SID as shown In 
Fig. 4b in order to indicate the silence period. In the si- 
lence period no data packets are generated. The silence 
insertion descriptor SID is also used to define the com- 
fort noise level generated at the receiver site during the 
silence period. Fig. 4b shows a typical packet stream 
produced by such a coder according to G.723.1 . 
[0022] Of course, it depends on the coding standard 
used whethew not a silence insertion descriptor SID 
is send by the coder. 

[0023] That is, other coders may prefer not to insert a 
silence insertion descriptor In which case the silence pe- 
riods are indicated to the receiver site differently. 
[00241 In principle, the typical traffic shape shown in 
Fig. 4b can be generated by a coder or any real time 
application RTA connected or incorporated into the mo- 
bile station as shown in Fig. 3. 

Transmisfilon queue TR-QUE 



[0025] The data packets as generated in Fig. 4a by a 
real time coder for speech (or in fact by any other appli- 
cation connected to or incorporated into the mobile sta- 
tion MS) is transmitted by the subscriber terminal side 
or the network side from a transmission buffer contain- 
ing a transmission queue TR-QUE illustrated in Fig. 3. 
As shown in Fig. 4a, the data packets DPI , DP2. DP3... 
DPn are successively transmitted to the network side or 
subscriber temainal side from this transmitter queue TR- 
QUE. However, when transmitting encoded speech da- 
ta packets/audio data packets over GPRS/EGPRS 
there is a certain threat that the systems behaves poorly 
due to the frequent and unnecessary releases of the 
physical connection TBF, even during active periods of 
a speaker. The inventors have discovered such a prob- 
lem during their studies of experimental systems and 
simulations. 

[0026] A reason for the frequent release of the phys- 
ical connection TBF is the behaviour of GPRS focussing 
on a transmission of large application packet data units 
PDUs such as complete web-pages or simply the con- 
tent of a TCP window fTCP: Transfer Control Protocol). 
For such applications which quickly and continuously 
generate data packets, the transmitter queue TR-QUE 
is likely to be filled and the individual data packets are 
successively transmitted whilst the physical connection 
TBF is not interrupted. In contrast to that, in the case of 
audio/speech transmission over {E)GPRS the transmit- 
ter queue TR-QUE is still constantly filled with small data 
packets from the application (the speech coder). Forthe 
case of the G. 723.1 standard speech coder, an appli- 
cation packet enters the (E)GPRS transmitter queue 
TR-QUE every 30 ms. That is. for such a coderthe inter- 
arrival time is typically 30ms. 



[0027] However, if the packet is transmitted from the 
queue in a shorter time than 30ms. the transmitter 
queueTR-QUE is emptied (e.g. the queue shown in Fig. 
4c is emptied) and in such a case the GPRS physical 
5 connection release procedures as shown in Fig. 5a. 5b 
are immediately started. This leads especially for high- 
end terminals (high multislot capability) to the unwanted 
effect of frequent physical connectton releases and es- 
tablishments. In such a case the application and end- 
10 user would experience an unnecessary high end-to-end 
delay and furthemnore, of course the repeated release 
and establishment of the physical connection TBF en- 
tails a heavy signalling load during the TBF handling. 
[0028] Fig. 6 shows the end-to-end delay [ms] when 
15 different numbers of mobile stations MS simultaneously 
transmit packet data in thecommunicatlon system SYS. 
As designated with thecun/es 8MS,9MS. 10MS, 11MS 
there is a large end-to-end delay for prior art solutions. 
The inventors have discovered the problem that this 
20 high-end-to-end delay during the data packet transmis- 
sion is due to frequent TBF releases. Since the TBF re- 
leases have been recognized as the core problem of the 
invention, hereinafter with reference to Fig. 5a, 5b and 
Fig. 4c the procedure for uplink and downlink TBF re- 
25 lease will be explained with more detail. It should also 
be noted that of course these release and establishment 
procedures for a physical connection are by no means 
limited to the real time application data packet patterns 
since a TBF release will start whenever an empty queue 
30 in the transmitter is detected, independent from the fact 
whether the data packets are generated by a real time 
application or any other application. 



Physical connection release 



35 



[0029] As explained above, the establishment of 
physical connection TBF is done by using the signalling 
channels of GPRS. This means that a demand for a 
physical connection TBF needs to be signalled in the 
40 worst case on the random access channel. In general, 
the establishment of a physical connection TBF takes a 
certain time and occupies a signalling capacity in the 
communication system. The GPRS standard does not 
define exactly the conditions when a physical connec- 
45 tlon TBF has to be established and released. However, 
the method to perform the establishment and release 
procedures have been defined quite clearly. 
[0030] Thus, with reference to Fig. 5a and Fig. 3 the 
release procedure for an uplink physical connection 
50 TBF Is described. The subscriber temilnal side compris- 
es a subscriber terminal side transmitter queue moni- 
toring device QUE-MON for detemnlnlng whether the 
transmitter queue TR-QUE comprises data packets DP 
to be transmitted (see Fig. 4a). Furthemnore, the sub- 
55 scriber temninal side comprises a transmitter queue in- 
formation setting means CV-SET for determining on the 
basis of the detemnination made by the transmitter 
queue monitoring means QUE-MON a transmitter 
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queue information CV indicating whether the transmitter 
queue is empty (CV=0) or whether the transmitter queue 
TR-QUE contains at least one remaining data packet to 
be transmitted to the network side (CV>0). The sub- 
scriber terminal side transmitter SS-TR transmits to the 
network side NS data packets DP from the transmitter 
queue TR-QUE and transmits in association with the re- 
spective data packet DP the determined transmitter 
queue information CV. The transmitter queue informa- 
tion CV can be transmitted in the respective packet DP 
as shown in Fig, 5a and Fig. 4c. However, it is of course 
sufficient to link the transmission of the data packet to 
the transmission of the respective transmitter queue in- 
fomnation CV. Thus, every RLC/MAC data block sent 
from the subscriber terminal side to the network side 
contains the transmitter queue information CV (which 
hereinafter will also be referred to as the counter value 
CV field). Usually this counter value field CV is transmit- 
ted in the header and is used to signal the number of 
remaining RLC packets in the transmitter queue TR- 
QUE. Fig. 4c shows one example of the usage of the 
counter value CV field for a mobile station handling 2 
time slots in a TDMA frame. As can be seen from Fig. 
4c, for each transferred data packet a respective coun- 
ter value field CV is determined, i.e. in Fig. 4c CV=2 for 
the first data packet (PDU) and CV=1 for the second 
packet (PDU)). 

[0031] According to the ETSI standard GSM 04.60 
V8.2.0 standard the transmitter terminal side transmitter 
queue information setting means CV-SET sets as said 
transmitter queue infomnation CV a counter value CV 
detemnined in accordance with the following expression: 

Integer x roundup ((TBC-BSN'-1)/NTS) 

CV = X. if x<= BS_CV_MAX 15, otherwise 

where: 

CV: counter value inserted in each data packet DP 
before transmission; 

TBC: total number of data packets DP present in 
the transmitter queue TR-QUE; 
NTS; transmission resources RES defined as a 
number of time slots (multislot capability NTS) in a 
single frame used for data packets DP transferred 
on the uplink connection with range 1 to 8; 
BSN': absolute block sequence number of the RLC 
data block with range from 0 to (TBC-1); 
BS_CV_MAX: a parameter broadcast in the system 
information; and 

roundup: rounds upwards to the nearest integer. 

[0032] According to the standard, once a mobile sta- 
tion MS transmits a value of CV otherthan 1 5, the mobile 
station shall transmit exactly (TBC-BSN'-1 ) not transmit- 
ted RLC data blocks. In other words, a countdown pro- 
cedure is started, which leads to the release of the phys- 



ical connection TBF. In particular, in context with real- 
time applications, this can cause an unnecessary re- 
lease of the physical connection TBF and therefore can 
introduce an unnecessary delay. Any data that arrives 
5 from the higher layer after the commencement of the 
countdown process shall be sent within a future physical 
countdown TBF. 

[0033] Also without focusing on the countdown pro- 
cedure, the normal resource assignment results in an 

10 unnecessary physical connection TBF release as 
shown in Fig. 4c. The transmitter queue information set- 
ting means CV-SET always detennines at a certain time 
the number of data packets which remain when the 
present data packet is transmitted to the network side. 

15 Since for example in step ST4c1 the network side trans- 
mission resource scheduler SCH-RES had assigned 
two time slots 2TS (because the mobile station is a mul- 
tislot capability 2 mobile station) the first data packet 
transferred in step ST4c2 receives a counter value CV 

20 =2 (CV = roundup [(4-1 )/2] = roundup [1.5] = 2). Like- 
wise, the second data packet receives a counter value 
of CV = 1 (CV = roundup [(3-1 )/2] = roundup [0.5] = 1 .0. 
The assignment of two timeslots and the transmission 
of data slots with the respectively calculated counter val- 

25 ue CV is continued in Fig. 4c in steps ST4c3, ST4c4, 
ST4c5 and ST4c6. In Fig. 4c a multislot capability 2 mo- 
bile station and an application generating a new data 
packet every SOnns was assumed. However, also for the 
general case the calculation of the counter value CV and 

30 the transmission of the data packets is the same. That 
is, in a multislot capability x transmission maximum x 
timeslots are used for transmission as assigned before- 
hand by the network side NS and each of the x data 
packets have a corresponding counter value CV. 

35 [0034] Furthemiore, it should be noted that of course 
the transmission of the data packets by using timeslots 
can also be different. For example, each data packet 
can be distributed over the plurality of timeslots and can 
be reassembled on the network side NS. Still, after re- 

40 assembly in the network side NS the respective counter 
value CV will indicate whether there are any further 
packets in the transmitter queue TR-QUE or not. 
[0035] As shown in Fig. 5a, forthe release of an upiink 
physical connection TBF, at a certain stage in step ST5al 

<s a RLC/MAC data packet containing a counter value 
CV=0 will be transmitted to the network side. The coun- 
ter value CV=0 in a packet clearly indcates an empty 
queue to the network side after transmission, i.e. CV=0 
indicates that there are no further "remaining" data 

50 packets in the queue after the transmission of the data 
packet containing CV=0. In this case the network side 
will first transmit a so-called packet uplink acknowledge- 
ment/negative acknowledgement message in step 
ST5a2 incorporating a final acknowledgement indicator 

55 = 1 to the subscriberterminal side. The message in step 
ST5a2 is to indicate to the subscriber terminal side that 
the network side has understood that no further data 
packets are residing in the subscriber temriinal side 
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transmitter queue and that an uplink TBF release pro- 
cedure is to be started. In step ST5a3 the mobile side 
sends a packet control acknowledgement message to 
the network side after releasing the physical connection 
TBF on the mobile side. Finally, after receiving the mes- 
sage in step ST5a3 the network side performs the re- 
lease of the physical connection on the network side. As 
can clearly be seen, a certain time is needed to release 
or tenminate the physical connection for the uplink and 
furthenmore signalling resources are occupied in the 
network. 

[0036] Fig. 5b shows the steps for the release of a 
downlink physical connection TBF. The procedure of a 
downlink physical connection release in Fig. 5b is also 
indicated with steps ST5a2, ST5a3 in Fig. 4c. As can be 
seen from Fig. 3, also the network side has a network 
side transmitter queue TR-QUE, a network side trans- 
mitter queue monitoring device QUE-MON, a network 
side transmitter queue information setting means FBI- 
SET and a network side transmitter NS-TR performing 
the same functions as the corresponding devices in the 
mobile station MS. However, the network side does not 
indicate to the temiinal side the exact number of remain- 
ing data packets, i.e. the network side transmitter queue 
infomnation setting means only determines a transmitter 
queue information FBI which indicates whether the 
transmitter queue TR-QUE is empty, FBI = 1 or whether 
the transmitter queue TR-QU E contains at least one da- 
ta packet to be transmitted to the terminal side, FBI = 1 . 
When the subscriber tenninal side receives the mes- 
sage in step ST5b1 containing the final block indicator 
field FBI = 1 , then this indicates the occun-ence of the 
last/final block of the current physical connection TBF. 
After successful reception of this RLC packet with FBI 
= 1 , the mobile side perfomns the physical connection 
release and sends an acknowledgement message to 
the network side in step ST5b2. Then the network side 
perfomis the release of the physical connection. As can 
be seen from Fig. 5b , also for the release of the downlink 
physical connection TBF time is necessary and signal- 
ling resources are used. 

SUMMARY OF THE IMVEMTIOM 

[0037] As explained above, during a data packet 
transfer between the subscriber terminal side and the 
network side several conditions may occur which lead 
to the transmission of a transmitter queue information 
to the respective other side indicating an empty queue 
in the respective transmitter queue TR-QUE. This re- 
sults in frequent releases of the physical connection with 
the subsequent need of additional signalling to rebuild 
the physical connection whenever new data packets are 
available in the transmitter queue. 
[0038] There may be many reasons why the transmit- 
ter queue becomes empty, i.e. if the removal rate of the 
data packets from the transmitter queue varies and is 
potentially higher than the rate of the arriving packets 



(see Fig. 4a). As shown in Fig. 4c, another condition 
which may lead to a physical connection release is if too 
many packets are taken away from the transmitter 
queue if for example in a muttislot capability 2 mobile 

5 station two time slots (transmission resources) are as- 
signed and only two packets are available in the trans- 
mitter queue. During the next data packet transfer to the 
network side, using two time slots on the uplink, the 
transmitter queue TR-QUE thus becomes empty lead- 

10 ing to a corresponding indication CV = 0 which starts 
the physical connection release procedure. Even when 
a next packet arrives (as the packet arriving at the dot- 
dashed line in Fig. 4c] there will first be a physical con- 
nection release and thereafter immediately a physical 

IS connection establishment due to the new data packet. 
Such frequent establishment and release of physical 
connection drastically increase the end-to-end delays 
as shown in Fig. 6. 

[0039] The inventors have discovered that the in- 

20 creased end-to-end delay during a data packet trans- 
mission is due to the fact that conditions in the subscrib- 
er terminal side or the networic side may lead to frequent 
physical connection establishment and release proce- 
dures consuming time and signalling capacity. 

25 [0040] Therefore, the object of the present invention 
is to provide a subscriber tenninal, a networi< controller, 
a method, and a communication system in which unnec- 
essary physical connection releases during a data pack- 
et transfer between the subscriber terminal side and the 

30 network side are avoided and the delay time is reduced. 
[0041] This object is solved by a subscriber terminal 
(claim 1) of a communication system for performing 
packet data transfer on a connection between the sub- 
scriber terminal side and a network side, wherein during 

35 a data packet transfer a physical connection is main- 
tained which indicates in the subscriber terminal and the 
network side that the subscriber temninal and the net- 
work side are capable of performing said packet data 
transfer characterized by a transmission detector in- 

^0 eluding an active period detector for monitoring, during 
a data packet transfer from said subscriber terminal side 
to said network side, the inter-arrival time of data pack- 
ets and for determining as an active period the period 
from a first data packet to a last data packet for which 

4S each monitored inter-arrival time falls in a predeter- 
mined range; and a physical connection controller in- 
cluding a physical connection maintaining device for 
maintaining said physical connection between said sub- 
scriber tenminal side and said network side in said active 

so period. 

[0042] Furthermore, the object is solved by a networi< 
controller (claim 1 1 ) of a communication system for per- 
forming packet data transfer on a connection between 
a subscriber temiinal side and a network side, wherein 
55 during a data packet transfer a physical connection is 
maintained which indicates in the subscriber tenninai 
and the networi< side that the subscriber terminal and 
the network side are capable of performing said packet 
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data transfer, characterized by a transmission detector 
including an active period detector for monitoring, during 
a data packet transfer from said network side to said 
subscriber temninal side, the inter-arrival time of data 
packets and for detemnining as an active period the pe- s 
riod from a first data packet to a last data packet for 
which each monitored inter-arrival time falls in a prede- 
termined range; and a physical connection controller in- 
cluding a physical connection maintaining device for 
maintaining said physical connection between said sub- io 
scribertemrilnal side and said network side in said active 
period. 

[0043] Furthermore, the object of the present inven- 
tion is also solved by a method (claim 22) for perfonnlng 
in a communication system a packet data transfer on a '5 
connection between a subscriber terminal side and a 
network side, comprising the following steps: maintain- 
ing during a data packet transfer on said connection a 
physical connection which indicates in the subscriber 
temriinal and the network side that the subscriber tenmi- 20 
nai and the network side are capable of pert omning said 
packet data transfer, characterized by the following 
steps: monitoring, during a data packet transfer from 
said subscriber terminal side to said network side, the 
inter-arrival time of data packets and determining as an 25 
active period the period from a first data packet to a last 
data packet for which each monitored inter-an^ival time 
falls in a predetermined range; and wherein said phys- 
ical connection between said subscriber terminal side 
and said network side is maintained in said active peri- 
od. 

[0044] Furthennore, the object is also solved by a 
communication system comprising at least one sub- 
scriber temninal and/or at least one network controller 
as defined above. 

[0045] According to the invention an active period de- 
tector is provided for monitoring the inter-arrival time of 
data packets to detennine an active period as long as 
the inter-arrival time remains within a predetermined 
time range. By doing so the subscriber terminal side or 
the network side can recognize whether or not an active 
period of data packet arrival^ransfer is present. As long 
as the inter-arrival time remains below a certain limit, 
the network side or subscriber terminal side can there- 
fore safely assume that there is a continuous arrival of 
data packets e.g. from a real-time application connected 
to or incorporated into the subscriber terminal or from 
an application from another party on the network side. 
In such a determined active period where all inter-arriva! 
times are within a predetemriined range, the physical 
connection maintaining device maintains the physical 
connection. 

[0046] Preferably, the active period detector is further 
adapted for detecting silence periods in which no data 
packets for data packet transfer are available when a 
physical connection terminator is provided for terminat- 
ing the physical connection during the detected silence 
period. Preferably, the active period detector can detect 



a silence period on the basis of a silence insertion de- 
scriptor. 

[0047] Preferably, the active period detector compris- 
es a real-time application data detector for detecting 
whether said data packets are real-time data packets. 
For doing so, the real-time application data detector can 
evaluate the pattern of the arriving data packets, pref- 
erably the packet length and/or the packet aalval rate. 
[0048] Furthermore, the active period detector can 
detect whether the data packets are real-time data pack- 
ets by evaluating signalling infonmation between the ap- 
plication and the transmission entity. 
[0049] Preferably, a data packet transmission delay 
device can delay the transmission of a data packet at 
least for the inter-arrival time as monitored by the active 
period detector. Thus, It can always be Insured that the 
transmission queue does not become empty. 
[0050] Preferably, the subscriber temninal can com- 
prise a timer for counting the inter-an'ival tirine when a 
data packet is transmitted and, if no new data packet 
entry in the transmitter queue is detennined In the count- 
ed inter-arrival time, the subscriber terminal side trans- 
mitter can transmit a special data packet and a trans- 
mitter queue Infomiatlon indicating that a transmitter ^ 
queue Is empty. That is, only after a predetemnined time , 
con'esponding to the inter-arrival time the empty queue 
indication is sent to make sure that indeed no further 
data packets have arrived in the inter-an-ivaltime requir- 
ing a transmission. 

[0051] Preferably, the special data packet transmitted 
with the empty transmitter queue indication is the last 
sent data packet, i.e. the last sent packet (e.g. buffered 
in memory) is repeated. Further preferably, the data^ 
packet sent with the empty queue indication can be an 
empty packet (dummy packet). ^ 
[0052] Preferably, if the timer is incorporated on the 
network side and the entry of a new data packet in the 
networtc side transmitter queue is not detected after the 
expiration of the timer, instead of sending the special 
data packet, the network side can also transmit a sig- 
nalling message to the subscriber terminal side and in 
association therewith a transmitter queue infonnation 
indicating that the networic side transmitter is empty. 
That is, the final transfer data can also be a signalling 
message. 

[0053] Further preferably, the subscriber terminal can 
comprise an uplink release acknowledgment message 
detector for determining the receipt of an uplink release 
acknowledgment message which is transmitted from 
the network side in response to receiving a transmitter 
queue information from the subscriber terminal indicat- 
ing that the transmitter queue is empty. When the sub- 
scriber terminal transmitter queue monitoring means 
detects the entry of a new data packet in the subscriber 
terminal transmitter queue after sending a transmitter 
infonnation indicating that the transmitter queue is emp- 
ty, a detected uplink release acknowledgment message 
will not be answered by the subscriber terminal by trans- 
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mitting an uplink release confirmation message but by 

transmitting the newly entered data packet. Thus, even 

when the release procedure for the physical connection Fig. 7 

is already under way this release procedure can be 

stopped by not sending back the confinnation message s 

but a new data packet. 

[0054] Furthermore, the above described devices and Fig. 8 
procedures for maintaining the physical connection can 
be incorporated only on the subscriberterminal side, on- 
ly on the network side or on both the subscriber terminal Fig. 9 
side and the network side. In the latter case, this leads 
to a further Improved maintaining of the physical con- 
nection. 

[0055] Further advantageous embodiments and im- Fig. 10 
provements of the invention can be taken from the other is 
dependent claims. Furthermore, it should be noted that 
the invention is not restricted to the examples and em- 
bodiments described in the description and claimed in Fig. 11 
the claims. In particular, the present invention comprises 
embed innents which result from a combination of fea- 20 
tures and/or steps which have been separately de- 
scribed and/or claimed. 

[0056] Therefore, the skilled person can cany out var- Fig. 1 2 
iations and modifications at the teaching disclosed here 
and all such modifications and variations are considered 25 
to fall within the scope of the present invention. 

BRIEF DESCRIPTIOM OF THE DRAWINGS 



delay time of the invention and the prior art; 

shows a principal block diagram of a sub- 
scriber temn in al side and a network side ac- 
cording to the principle of the invention; 

shows a flowchart according to the principle 
of the Invention; 

shows the delay physical connection release 
in the uplink direction according to an em- 
bodiment of the invention; 

shows a delayed physical connection re- 
lease in the downlink direction according to 
another embodiment of the Invention; 

shows a physical connection tennlnation by 
utilizing E(GPRS) signalling messages in 
the downlink direction according to another 
embodiment of the invention; and 

shows the maintaining of a physical connec- 
tion by answering a packet uplink acknowl- 
edgment/negative acknowledgment mes- 
sage with a data packet for maintaining the 
physical connection, according to yet anoth- 
er embodiment of the invention. 



[0057] 

Fig. 1 

Fig. 2 
Fig. 3 



Fig. 4a 

Fig. 4b 
Fig. 4c 

Fig. 5a 
Fig. 5b 



30 



shows a principal overview of a GPRS net- 
work architecture; 

shows a typical GPRS protocol structure; 35 

shows a subscriberterminal side and a net- 
work side in accordance with the prior art; 



shows a schematic example of a physical 
connection handling problem, when the 
transmitter queue becomes empty; 

shows the typical packet data traffic shape 
according to the G.723.1 speech coder; 

shows the emptying of a transmitter queue 
with a static assignment of resources from 
the network side; 

shows the release of an uplink physical con- 
nection according to the prior art; 

shows the release procedure of a downlink 
physical connection according to the prior 
art; 
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Fig. 6 is a diagram which compares the end-to-end 



[0058] In the drawings the same or similar reference 
numerals denote the same or similar steps and parts 
throughout. However, It should be also noted that the 
invention can comprise embodiments which consists of 
combinations of the respective flowcharts and block di- 
agrams and that the invention Is not limited to a separate 
consideration of the separately described and illustrated 
embodiments. 

PRINCIPLE OF THE IMVENTION 

[0059] Fig. 7 shows a principle block diagram of the 
functionalities incorporated on the networic side and the 
subscriber temninal side according to the embodiments 
of the invention. In addition to the devices already ex- 
plained with reference to Fig. 3, the mobile station (in 
general a communication station) on the subscriberter- 
minal side additionally comprises a transmission detec- 
tor including an active period detector AP-DET for mon- 
itoring during a data packet transferf rom said subscriber 
terminal side SS to said network side NS the inter-amval 
time TDIFF of data packets DP and for detennining as 
an active period AP the period from a first data packet 
DPI to a last data packet DPn for which each monitored 
Inter-arrival time TDIFF falls in a predetennined range. 
It should be noted that the inter-arrival time relates to 
the arrival of the data packets in the transmitter queue 
and it does not relate to the arrival of data packets at 
the receiving end. 
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[0060] Furthemnore, a physical connection controller 
includes a physical connection maintaining device LC- 
MAIN for maintaining the physical connection LC be- 
tween said subscriber terminal SS side and the network 
NS in the active period AP determined by the active pe- 
riod detector AP-DET. As shown in Fig. 7, also the net- 
work side NS contains an active period detector AP- 
DET and a physical connection maintaining device LC- 
MAIN. Since these devices pertomn the same function 
in the subscriber tenninal side and a network side it 
should be understood that one of them is sufficient to 
perfonn the desired function to maintain the physical 
connection. However, the devices may be present on 
both sides if an uplink as well as a downlink is supported 
in accordance with a further embodiment of the inven- 
tion to maintain the physical connection as long as pos- 
sible. 

[0061] The basic idea of the invention is to maintain 
the physical connection TBF during active periods in 
which data packet are generated and aaive at the trans- 
mitterqueue. For this purpose the active period detector 
evaluates the successively arriving data packets (i.e. ar- 
rivi ng at the transmitter queue) with respect to their inter- 
arrlvai time In order to determine whether the succes- 
sively arriving data packets belong together, for exam- 
ple belong to the same application connected to or in- 
corporated into the subscriber terminal^ on the subscrib- 
er terminal side, or ,on the network side, havebeen gen- 
erated by the same application. That is, the maintaining 
and temnination of the physical connection is not gov- 
erned for example by the fact whether or not the trans- 
mitter queue contains data packets but by the fact 
whether the inter-arrlval times are in a predetemriined 
range after the first data packet has been inserted into 
the transmitter buffer. 

[0062] Therefore, even if the removal rate of data 
packets (transmission rate) is higherthan the arrival rate 
of data packets in the transmitter queue TR-QUE, the 
transmitter queue infomrtatlon setting means CV-SET 
(on the subscriber terminal side) and FBI-SET (on the 
network side) can still decide to indicate a non-empty 
queue if the active period detector indicates a continu- 
ation of the active period. Since the transmitter queue 
infomnation still indicates a non-empty queue, the phys- 
ical connection is maintained in the active period and no 
physical connection release procedure is started. Thus, 
frequent physical connection releases and reestablish- 
ments are avoided. 

[0063] Therefore, according to the invention the phys- 
ical connection is maintained within the complete active 
period, as shown in Fig. 4b, even if the removal rate of 
data packets is larger than the arrival-rate of the data 
packets and therefore the unnecessary physical con- 
nection releases within the active period in accordance 
with the prior art is avoided. 

[0064] The inventors have discovered that in particu- 
lar due to the varying transmission rate of data packets 
transmitted from the transmitter queue based on varying 



transmission conditions between the subscriber termi- 
nal and the network side, there may be a frequent phys- 
ical connection release even if the data packets arrive 
at a constant rate as they do for example when being 

5 generated by a real-time application. Therefore, the in- 
ventors have replaced the criterion for maintaining the 
physical connection in accordance with the present in- 
vention by the detection of an active period of data pack- 
et generation which thus avoids the physical connection 

10 release and reestablishment when the transmission 
conditions vary. 

[0065] Fig. Sshowsaflowchartin accordance with the 
principle of the invention. In step ST80 the transmission 
detector TDET1 detects the first data packet DP 1 gen- 

15 erated from an application connected to the subscriber 
tenninal or incorporated Into the subscriber temnlnal. In 
step ST80' the second packet DP2 is detected. In step 
ST81 the inter-arrival time TDIFF is determined by the 
active period detector AP-DET. If it is determined in step 

20 ST82 that the inter-an'ival TDIFF is smaller than a 
threshold value THRES, then it is decided in step ST85 
to maintain the physical connection. If the inter-an'ival 
time TDIFF is larger than the threshold THRES, then in 
step ST83 a physical connection terminator LC-TERM 

25 of the physical connection controller LC-CTRL termi- 
nates the physical connection. In step ST86 a next pack- 
et an-ival is awaited and if the next packet arrives In step 
ST87, the inter-arrival time between the second packet 
and the new (third) packet is detenmined in step ST81 . 

30 If again the new Inter-arrival time is smaller than the 
threshold, the physical connection in step ST85 is main- 
tained. 

[0066] If in step STB6 no further data packets arrive 
or a silence period is detected (as described below) the 

35 physical connection is temninated in step ST84. There- 
fore, the method according to the principle of the inven- 
tion shown in Fig. 8 successively goes from one data 
packet to the next data packet and evaluates as an ac- 
tive period the period from the first data packet to the 

40 last data packet for which each monitored inter-arrival 
time TDIFF falls in a predetermined range (lower than 
the threshold THRES). 

[0067] The threshold time THRES determining the 
predetennined tirrte range can be set to an arisitrary val- 

45 ue. Preferably, this time threshold THRES is set to the 
inverse of typical data packet generation rates of known 
applications which can be used in the communication 
system SYS. For example, for a number of speech cod- 
ers the data packet generation rate is quite well known 

50 according to the standard (e.g. according to the G. 723.1 
standard the data packet generation rate is 1/30 ms). If 
several applications can be employed having different 
data packet generation rates, the time threshold THRES 
is preferably set to the largest possible inter-arrival time. 

55 [0068] Preferably, the active period detector AP-DET 
is further adapted for detecting silence periods SP in 
which no data packets for data packet transfer are avail- 
able on the subscriber tenninal side or the networi< side. 
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If a silence period SP is detected, for example step ST86 
in Fig. 8, a physical connection tenninating device LC- 
TERM terminates the physical connection LC. One pos- 
sibility to detect such silence periods. is for example if 
the inter-arrival time exceeds the threshold TH RES. An- 
other possibility is that the active period detector detects 
a silence insertion descriptor SID if the data packet gen- 
eration device Includes in the data packet generation 
such a silence insertion descriptor SID frame. 
[0069] Furthermore, instead of explicitly determining 
the inter-arrival time it is also possible that the active 
period detector comprises a counter counting the max- 
imum threshold time THRES. This counter is set at the 
arrival time of a preceding data packet and is reset at 
the beginning of the next data packet. As long as the 
counter is reset by a next data packet before it counts 
the maximum threshold time TH RES It can be safely as- 
sumed that the data packets belong to the same active 
period. Therefore, the physical connection is main- 
tained. Therefore, also in this case the physical connec- 
tion is kept alive even in the case in which the transmitter 
queue TR-QUE runs out of data packets. 
[0070] In Fig. 6 the curves indicated with "invention" 
where the physical connection Is maintained during the 
detected active period clearty show that a reduced end- 
to-end-delay for the data packet transfer is achieved be- 
cause the physical connection is maintained longer, i.e. 
the physical connection release is delayed. 
[00711 Hereinafter, embodiments of the invention will 
be described illustrating possibilities how a physical 
connection can be maintained in a detected active pe- 
riod. 

FIRST ERflBODIMENT (real-time applications) 

[0072] Preferably, the active period detector AP-DET 
can comprise a real-time application data detector RT- 
DETfor detecting whetherthe data packets DP are real- 
time data packets. For example, real-time speech/audio 
applications (e.g. the G.723.1 coder) can be identified 
by a typically constant an-ival rate and a typically con- 
stant small packet size. For example, the G.723.1 coder 
has a constant arrival rate of 1/30 ms and the packets 
are typically 24 bytes in size. Thus, if a data packet size 
detector of the active period detector AP-DET deter- 
mines the size of the data packets successively arriving 
to be constant and equal, then the active period detector 
AP-DET detects as active period a period from a first 
data packet to a last data packet whose sizes are the 
same. Furthermore, it is even possible to detect a par- 
ticular real-time application by comparing the deter- 
mined size of the data packets with previously known 
and registered sizes, e.g. the G.732.1 coder has a con- 
stant size of 24 bytes and thus this type of coder can 
easily be determined. 

[0073] The constant arrival rate can be detemiined by 
successively comparing the determined inter-arrival 
times TDIFF as explained with reference to Fig. 8. 



Again, if it is detemnined by the active period detector 
that the determined data packet arrival rate falls within 
a predetermined rate range, then predetennined real- 
time applications {e.g. speech/audio coders) can be de- 
5 tennined. 

[0074] As was explained above, the above described 
applications generating data packets can be incorporat- 
ed Into the subscriber temninal side or the network side. 
However, if the detennination of the arrival rate of data 
10 packets for example is incorporated in the network side, 
e.g. in the base station system BSS, the arrival rate of. 
data packets into the network side transmitter queue 
TR-QUE may not be constant due to transmission var- 
iations between the generator of the data packets and 
15 the base transceiver station BTS. If the arrival rate is for 
example repeatedly evaluated over a certain number of 
data packets, it is preferable to preset a certain range 
of arrival rates for which a detennination of a "constanf 
or quasi-constant arrival rate will still be made. That is, 
20 to make the determination that the arrival rate is con- 
stant, a tolerance can be added to a nominal compari- 
son arrival rate due to the varying transmission condi- 
tions between the sender and the base transceiver sta- 
tion BTS on the network side. Thus, also on the networtc 
25 side the arrival rate can be used as a detemnining crite- 
rion for a real-time application. 
[0075] As explained above, as long as the arrival rate 
is constant (or constant within a small tolerance) and/or 
the data packet size is constant, the active period de- 
30 tector continues the detection of an active period AP 
such that the physical connection maintaining device 
LC-fVlAIN further maintains the physical connection 
(avoids a release). That is, the physical connection ter- 
mination device LC-TERM will only temninate the phys- 
35 ical connection LC if a silence period is detected, e.g. 
when the an-ival rate for the data packet size does not 
fall within predetennined ranges and/or a silence inser- 
tion descriptor SID frame is detected. 

40 SECOND ERflBOPiitfiENT (data packet delay) 

[0076] As shown in Fig. 4a and as described with ref- 
erence to Fig. 4c and the release procedures in Fig. 5a, 
5b, the transmitter queue information setting means CV- 

45 SET (or FBI-SET in the network side) always cateulates 
a transmitter queue infonnatlon CV (or FBI) indicating 
whetherthe queue is empty or not. More particulariy, on 
the subscriber tenninal side the counter value CV in- 
deed indicates (after a rounding up procedure and de- 

50 pendent on the multislot capability) the remaining data 
packets in the queue. The physical connection maintain- 
in gAerminating devices on the respective receiving side 
employ these transmitter queue infomnations to deter- 
mine whether or not to start a release procedure for the 

55 physical connection. 

[0077] In order to maintain the physical connection (if 
the active period detector detects the active period) a 
first possibility is therefore to always transmit a trans- 
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mitter queue information indicating a non-empty queue 
to the receiving end, either synchronized to the trans- 
mission of the respective data packet or by insertion in 
the header of the data packet. This will ensure that even 
if e.g. a current transmission rate from the transmitter 
queue is larger than the arrival rate, the physical con- 
nection is still maintained because the receiving side 
physical maintaining devtee does not start the release 
procedure. 

[0078] Alternatively, the physical connection main- 
taining device comprises a data packettransmission de- 
lay device DP-DLY for delaying the transmission of a 
data packet at least for the inter-arriva! time TDIFF as 
monitored by the active period detector AP-DET. If the 
transmitter queue still contains several data packets, the 
data packets will be transmitted from the queue "as fast 
as possible" (or in accordance with other scheduling 
strategies). However, the last data packet remaining in 
the queue will be delayed at least for the inter-arrival 
time as detennined on the basis of an evaluation of the 
preceding data packets. In this case, the transmission 
rate of the last remaining data packet from the transmit- 
ter queue TR-QUE is limited to 1 /inter-arrival time. Thus, 
a condition where the counter value CV (In the subscrib- 
er temninal side) or the indicator FBI (on the network 
side) indicates an empty transmitter queue will never be 
present since at least one further data packet is kept In 
the queue at least for the time necessary for a next data 
packet to arrive in the queue. Since there is never sent 
an empty queue indication the physical connection is not 
unnecessarily released. 

THIRD EMBODIR/iEMT (data packet repetition) 

[0079] As explained above, according to the invention 
an active period is determined on the basis of the Inter- 
arrival time of data packets and the physical connection 
is maintained within the active period. Fig. 9 shows a 
flow chart of the method according to a third embodi- 
ment of the invention where a delayed physical connec- 
tion (TBF) release in the uplink direction takes place. 
[0080] In Fig. 9 it is assumed that before the sending 
of a data block in step ST91 a last RLC/MAC data block 
(data packet) is detemiined by the transmitter queue 
monitoring device QUE-MON. According to the prior art 
this last data packet would be transmitted with an empty 
transmitter queue indication (CV=0). Instead, according 
to the third embodiment of the invention, this last data 
block in step ST91 is transmitted together or in associ- 
ation with a transmitter queue infonnation indicating that 
the transmitter queue is empty (after the transmission 
of the current data block). That is, as can be seen from 
step ST91 in Fig. 9, according to the third embodiment 
of the invention, even if an empty transmitter queue is 
determined, the counter value indicates a value CV > 0, 
i.e. a data packet is always sent without an indication of 
an empty transmitter queue. 

[0081] As also indicated in Fig. 9 (and shown in Fig. 



7), the physical connection maintaining device LC-MAIN 
comprises a subscriber temninal side timer T for count- 
ing the inter-arriva! time TDI FF when the respective data 
packet in step ST91 is transmitted. That is, the timer T 
5 is started when the data packet is transmitted in step 
ST91. 

[0082] if in step ST92 a further data block is present 
in the transmitter queue, the timer T is reset and the 
newly entered data block is transmitted in step ST92. 

10 Thereafter, in step ST93 further new data packets are 
transmitted where it is here assumed that indeed the- 
transmitter queue TR-QUE contains further packets. 
[0083] Again, in step ST94 it is decided that the trans- 
mitter queue TR-QUE is empty which leads to a starting 

15 of the timer T and to the transmission of a transmitter 
queue Information CV > 0 which still Indicates a non- 
empty sender queue despite in fact the sender queue is 
empty. 

Contrary to the time period between step ST91 and step 

20 ST92 (where a new data block enters the transmitter 
queue), after step ST94 the started timer T expires with 
no further data packet arriving in the transmitter queue. 
Therefore, if the subscriber terminal side transmitter 
queue monitoring device QUE-MON does not deter- 

25 mine an entry of a new data packet DP in a transmitter 
queue TR-QUE in the time counted by the timer T, the 
subscriber temninal side transmitter SS-TR transmits a 
special packet in step ST95 to the network side, together 
with a transmitter queue infonnation CV indicating now 

30 finally that the transmitter queue TR-QUE is empty. Pref- 
erably, the time counted by the timer T corresponds to 
the last determined inter-arrival time TDIFF. 
[0084] Since no new data packet has actually entered 
the transmitter queue between steps ST94, ST95 a spe- 

35 cial data packet with CV =: 0 is transmitted. The special 
data packet can be a copy of the last transmitted data 
packet or in fact a (dummy) empty data packet. 
That is, if no packets enterthe queue within a time period 
similar to the beforehand monitored inter-amval time, 

40 the last transmitted data packet is repeated, but together 
with an empty sender queue indication at this time. This 
is the reason why CV = 0 is included in step ST95. 
[0085] Therefore, only if no further data packet enters 
the transmitter queue in the last detemnined inter-an-ival 

4s time, the actual release procedure for the physical con- 
nection in the uplink direction is started with step ST95 
and continued with steps ST96, ST97 which are identi- 
cal to the conventional release procedure described 
above with reference to Fig. 5a. 

so [0086] However, by contrast to Fig. 5a, the uplink re- 
lease procedure is not started when in fact the transmit- 
ter queue TR-QUE first becomes empty before step 
ST91 and before step ST94, but the release procedure 
is only started if within the time period counter by the 

55 timer T no further data packet arrives. Only in this case 
it can be simply assumed that the release procedure for 
the physical connection should be initiated, if a further 
data packet arrives within the counted time, then no re- 
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lease procedure will be started. This overall leads to a 
setting of a prolonged active period thus reducing the 
number of physical connections releases. 
[0087] Fig. 1 0 shows a procedure similar to Fig. 9 for 
the starting of a physical connection release in the 
downlink direction. In Fig. 10 only the case is illustrated 
where within the counted time no further data packet ar- 
rives (where steps STIOi, ST102 correspond to steps 
ST94, ST95 in Fig. 9). That is. also the network side 
comprises a timer T as explained before with reference 
to Fig. 9 and If the network side transmitter queue mon- 
itoring device QUE-MON does not determine an entry 
of a new data packet DP in the transmitter queue TR- 
QUE in the counted inter-aniva! time TDI FF. the network 
side transmitter SS-TR transmits a special data packet 
DP to the subscriber terminal side In step ST102. That 
is, also in Fig. 1 0 it is assumed that before the transmis- 
sion of the data packet in step ST1 01 in fact the trans- 
mitter queue TR-QUE in the network side NS is empty, 
however, as indicated with step ST101 the final block 
indicator FBI is set to FBI = 0 thus Indicating a non-emp- 
ty transmitter queue. Since within the time period count- 
ed by the timerT no further data packet arrives, a special 
data packet Is transmitted in step ST102 with the final 
indication FBI = 1 indicating that the transmitter queue 
TR-QUE is empty. 

[0088] As indicated in Fig. 9, the special data packet 
can be a replica of the last transmitted data packet be- 
fore the transmitter queue in the network side NS be- 
came empty. Alternatively, an empty data packet can be 
sent. In order to allow the repetition of the last sent data 
packet, a memory Is provided In the subscriber terminal 
side and the network side which always stores at least 
the last transmitted data packet. 
[0089] Again, steps ST102, ST103 in Fig. 10 corre- 
spond to the nonnal release procedure in the downlink 
direction of the physical connection as illustrated in Fig. 
5b such that a detailed description is here omitted. 
[0090] Fig. 11 shows a further embodiment of the 
downlink release of the physical connection. In Fig. 11 
steps ST1 1 1 , ST1 1 2 and ST1 1 3 correspond to the steps 
ST91 , ST92, ST93 in Fig. 9 with the difference that here 
the determination of an empty queue and the setting and 
resetting of the timerT is performed on the networic side 
NS. Step ST114 in Fig. 11 con-esponds to step ST101 
in Fig. 10. 

[0091] However, if the networi< side transmitter queue 
monitoring means QUE-MON does not detennine an 
entry of a new data packet DP in the network side trans- 
mitter queue TR-QUE in the counted inter-anival time 
TDIFF, said network side transmitter NS-TR does not 
transmit a replica of the last transmitted data packet or 
an empty data packet as in step ST1 02. Instead, the net- 
wori^ side transmitter NS-TR transmits a packet 
switched signalling message PACKET TBF RELEASE 
to terminate the physteal connection TBF. The message 
shown in step ST115 is a signalling message to termi- 
nate the physical connection utilizing a (E)GPRS sys- 



tem. However, of course using other packet switched 
communication systems according to any other stand- 
ard, different signalling messages can be used for the 
downlink release of the physical connection in step 
5 ST115. 

[0092] Step ST1 1 6 corresponds to step ST1 03 in Fig. 
1 0. The message "downlink release = 1 " in step ST1 1 5 
indicates, as the transmitter queue Infomiatlon FBI = 1 
in step ST102 in Fig. 10, that the transmitter queue on 

10 the network side has finally become empty. However, in 
the examples shown in Fig. 9, Fig. 10 and Fig. 11 the 
common aspect is that in fact the active period in which 
the physical connection is maintained is prolonged since 
the physical connection release is delayed at least for 

15 the inter-arrival time counted by the timer T 

FOURTH EMBODIMEMT (Interrupted downlink 
release) 

20 [0093] As described above with reference to the first, 
second and third embodiments, according to the inven- 
tion an active period can be determined in which a phys- 
ical connection release is inhibited. This can be done by 
using the Inter-arrival time for determining the active pe- 
25 riod, for assessing whether a real-time application is 
present, for delaying the transmission of a data packet, 
or for delaying the starting of a release procedure. Thus, 
according to different conditions with respect to the in- 
ter-arrival time different active periods can be set in 
30 which the physical connection is maintained. All these 
procedures relate to determinations of active periods 
before the actual release procedure starts. 
[0094] Hereinafter, with reference to Fig. 12 it is de- 
scribed how an active period can also be determined 
35 when the release procedure has already been started. 
[0095] As can be recognized from a comparison of 
Fig. 1 2 with Fig. 5a, in step ST6al the uplink release pro- 
cedure is started by the transmitter queue monitoring 
means QUE-MON detemiining an empty transmitter 
40 queue which results in the transmission of a data packet 
and the counter value CV = 0 in step ST5al. In response 
to this message the network side transmits in step 
ST5a2 the release acknowledgement message PACK- 
ET UPLINK ACK/NACK with the final acknowledgment 
45 indicator = 1 indicating that the network side has under- 
stood that there are no further data packets to be trans- 
mitted from the subscriber temrtinal side. As indicated 
with step ST5a3 the subscriber terminal side would nor- 
mally start the release of the physical connection on the 
50 mobile side and would then send the packet control ac- 
knowledgement message to the network side in step 
ST5a3. 

[0096] However, even when the release procedure is 
already on the way. it can happen, e.g. in step ST5a1' 
55 and step ST5a2', that a further data packet DP' enters 
the transmitter queue TR-QUE on the subscriber termi- 
nal side. In this case, the release procedure can be in- 
terrupted such that instead of step ST5a3 the newly ar- 
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rived data block is transmitted to the network side 
ST5a3' such that the release procedure on the terminal 
side is not continued. If more than one new data packet 
DP has entered the transmitter queue, the counter val- 
ue CV will be set to CV > 0 in which case the network s 
side will not initiate a message as in step ST5a2 even 
after receipt of the data block in step ST6a3'. 
[0097J Thus, if a PACKET UPLINK ACK/NACK mes- 
sage with FBI = 1 received from the network side (at 
base station system BSS) is not answered by a PACKET io 
CONTROL ACK MESSAGE to acknowledge the receipt 
of the physical connection TBF and instead a data pack- 
et is sent, the physical connection release procedure is 
terminated and depending on the counter value CV ei- 
ther the physical connection is maintained or a complete 
new physical connection release procedure Is started. 
[0098] Thus, by transmitting the new data packet 
even during the physical connection release the active 
period in which the physical connection is maintained is 
extended such that frequent physical connection releas- 20 
es can be avoided. 

INDUSTRIAL APPLICABILITY 

[0099] As explained above, in accordance with the in- 25 
vention the release and re-establishment of physical 
connections necessary for a packet data transfer in a 
packet switch communication system can be avoided 
thus reducing the end-to-end delay. 
[0100] The particular embodiments described above 30 
make reference to the GPRS, EGPRS and GSM stand- 
ards, however, of course it should be understood that 
the messages shown in the respective flow charts are 
by no means limiting the invention to these specific 
standards. Corresponding physical connections in 35 
packet switched communication systems of different 
standards can be identified and be maintained in ac- 
cordance with the invention. 

[0101] Therefore, the invention should not be con- 
strued as being limited to the specific embodiments as 
described here and further embodiments and modifica- 
tions and variations can be carried out within the teach- 
ings of the invention as disclosed in the present speci- 
fication and claims. Furthermore, the invention can com- 
prise embodiments which consist of features which ^5 
have been separately described and claimed in the de- 
scription and the claims. Forexample, whilst the respec- 
tive devices for maintaining the physical connections 
may only be provided on the subscriber temriinal side or 
only on the networic side, it is also possible to have the so 
respective devices present simultaneously on the sub- 
scriber temiinal side and the network side. 
[0102] Furthermore, it should be noted that the usage 
of the expressions "mobile station" and "subscriber ter- 
minal" are only used to designate any device which gen- 55 
e rates data packets to be transmitted to the network 
side, in particular to the base station system or the base 
transceiver station of the circuit switched network. How- 



ever of course any other communication stations can 
be used instead of the mobile station or a subscriber 
temninal. Furthermore, it should be understood that the 
real-time application can be incorporated Into the sub- 
scriber terminal or mobile station or can be connected 
to it. Finally, it should be understood that the scope of 
the invention is by no means limited by the reference 
numerals In the claims which are only inserted here for 
illustrations purposes. 



Claims 

1 . Subscriber terminal (SS) of a communication sys- 
tem (SYS) for perfomilng packet data transfer on a 
connection (UL, DL) between the subscriber Xem\- 
nal (SS) side and a networi< side (NS), wherein dur- 
ing a data packet transfer a physical connection 
(TBF) is maintained which indicates in the subscrib- 
er terminal (SS) and the networicside (NS) that the 
subscriber terminal (SS) and the network side (NS) 
are valid for performing said packet data transfer. 
characterized by 

a) a transmission detector (TDET1) including 
an active period detector (AP-DET) for monitor- 
ing, during a data packet transfer from said sub- 
scriber temninal side (SS) to said network side 
(NS), the inter-an-ival time (TDIFF) of data 
packets (DP) and for detennining as an active 
period (AP) the period from a first data packet 
(DP1) to a fast data packet (DPn) for which 
each monitored inter-arriva! time (TDIFF) falls 
in a predetermined range (TRA); and 

b) a physical connection controller (LC-CTRL) 
including a physical connection maintaining de- 
vice (LC-MAIN) for maintaining said physical 
connection between said subscriber terminal 
(SS) side and said networic side (NS) in said 
active period (AP). 

2. A subscriber terminal according to claim 1 , 
characterized In that 

said active period detector (AP-DET) is further 
adapted for detecting silence periods (SP) in 
which no data packets for data packet transfer 
are available on said subscriber tenminat side 
(SS); and 

said physical connection controller (LC-CTRL) 
includes a physical connection temninator (LC- 
TERM) fortemninatingsaid physical connection 
(LC) during said silence periods (SP) detected 
by said active period detector (AP-DET). 

3. A subscriber terminal (SS) according to claim 1 or2, 
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characterized in that 

said active period detector (AP-DET) comprises a 
real-time application data detector (RT-DET) for de- 
tecting whether said data packets (DP) are real- 
time data packets. ^ 

4. A subscribcrtenntna! according to claim 1 or 2 or 3, 
characterized In that 

said physical connection maintaining devtee (LC- 
MAIN) for maintaining said physical connection be- io 
tween said subscriber terminal (SS) side and said 
network side (NS) in said active period (AP) com- 
prises a data packet transmission delay device (DP- 
DLY) for delaying the transmission of a data packet 
(DPI ) at least for the inter-amval time (TDIFF) as is 
monitored by said active period detector (AP-DET). 

5. A subscriber temninal according to one or more of 
claims 1 -4 

characterized by 

a subscriber terminal side transmitter queue 
(TR-QUE) from which data packets (DP) are 
successively transmitted to the network side 
(NS); 

a subscriber terminal side transmitter queue 
monitoring device (QUE-MON) for detenmining 
whether the transmitter queue (TR-QUE) com- 
prises data packets (DP) to be transmitted; 30 

a subscribertemninal side transmitter queue in- 
fomnation setting means (CV-SET) for deter- 
mining, on the basis of the detemnination made 
by said transmitter queue monitoring means 35 
(QUE-MON), a transmitter queue (TR-QUE) in- 
fomnation (CV) indicating whether the transmit- 
ter queue (TR-QU E) is empty {CV=0) or wheth- 
er the transmitter queue (TR-QUE) contains at 
least one data packet to be transmitted to the 40 
network side (CV>0); and 

a subscriber tenninal side transmitter (SS-TR) 
for transmitting to said network side (NS) data 
packets (DP) from the transmitter queue (TR- 45 
QUE) and for transmitting in association with a 
respective data packet (DP) said transmitter 
queue (TR-QUE) infonmation (CV). 

6. A subscriber temninal (Fig. 9) according to claim 5, so 
characterized In that 

said physical connection maintaining device (LC- 
MAIN) comprises a subscriber temninal side timer 
(T) for counting the inter-arrival time (TDIFF) when 
a respective data packet (DP) is transmitted; ss 
wherein if said subscriber tennina! side transmitter 
queue monitoring device (QUE-MON) does not de- 
termine an entry of a new data packet (DP) in the 



transmitter queue (TR-QUE) in said counted inter- 
arrival time (TDIFF), said subscriber terminal side 
transmitter (SS-TR) transmits a special data packet 
(DP) to the network side and in association there- 
with a transmitter queue (TR-QUE) information 
(CV) indicating that the transmitter queue (TR- 
QUE) is empty. 

7. A subscriber terminal (Fig. 9) according to claim 6, 
characterized In that 

said special data packet (DP) is the last transmitted 
data packet (DP) or a dummy data packet (DP). 

8. A subscriber temninal according to claim 5, 
characterized by 

an uplink release acknowledgement message 
detector (UP ACK/NACK) for detemnining the 
receipt of an uplink release acknowledgement 
message (PACKET UPLINK ACK/NACK; 
FAI=1 ) transmitted from the networic side (NS) 
in response to receiving a transmitter queue 
(TR-QUE) infomnation (CV=0) indicating that 
the transmitter queue (TR-QUE) is empty; 
wherein 

if said subscriber temninal transmitter queue 
(TR-QUE) monitoring means (TR-MON) de- 
tects a new entry of data packet (DP) in said 
transmitter queue (TR-QUE) after said sub- 
scriber temninal transmitter (SS-TR) has trans- 
mitted a transmitter queue (TR-QUE) Infomna- 
tion (CV=0) indicating that the transmitter 
queue (TR-QUE) is empty, an uplink release 
acknowledgement message (PACKET UP- 
LINK ACK/NACK; FAI=1) detected by said up- 
link release acknowledgement message detec- 
tor (UP ACK/NACK) is not answered by trans- 
mitting an uplink release continuation message 
(PACKET CONTROL ACK) but by transmitting 
said new data packet (DP) by said subscriber 
temninal transmitter (TR) for maintaining said 
physical connection (TBF). 

9. A subscriber terminal according to one or more 
claims 1 to 8, characterized In that 

said transmitter queue information (CV) is transmit- 
ted in a respective data packet (DP). 

10. A communication system (SYS) for perfomning 
packet data transfer on a connection (UL, DL) be- 
tween the subscriber terminal (SS) side and a net- 
work side (NS), wherein during a data packet trans- 
fer a physical connection (TBF) is maintained which 
indicates in the subscriber temninal (SS) and the 
network side (NS) that the subscriber tenminal (SS) 
and the network side (NS) are capable of perform- 
ing said packet data transfer, comprising at least 
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one subscriber terminal (SS) according to one or 
nnore of claims 1 -9. 

11. A network controller (NC) of a communication sys- 
tem (SYS) for performing packet data transfer on a s 
connection (UL, DL) between a subscriber temriinal 
(SS) side and a network side (NS), wherein during 

a data packet transfer a physical connection (TBF) 
is maintained which indicates in the subscriber ter- 
minal (SS) and the network side (NS) that the sub- io 
scriber terminal (SS) and the network side (NS) are 
valid for perfomaing said packet data transfer, char- 
acterized by: 

a) a transmission detector (TDET1) including is 
an active period detector (AP-DET) for monitor- 
ing, during a data packet transfer from said net- 
work side (NS) to said subscriber temninal side 
(NS), the inter-arrival time (TDIFF) of data 
packets (DP) and for detennining as an active 20 
period (AP) the period from a first data packet 
(DPI) to a last data packet (DPn) for which 
each monitored inter-an^ival time (TDIFF) falls 

in a predetemriined range (IRA); and 

25 

b) a physical connection controller (LC-CTRL) 
including a physical connection maintaining de- 

, vice (LC-MAIN) for maintaining said physical 
connection between said subscriber tenmtnal 
(SS) side and said network side (NS) in said 30 
active period (AP). 

12. A network controller (NC) according to claim 11, 
characterized In that 

said active period detector (AP-DET) is further 
adapted for detecting silence periods (SP) in 
which no data packets for data packet transfer 
are available on said network side (NS); and 

said physical connection controller (LC-CTRL) 
includes a physical connection tenninator (LC- 
TERM) f ortemninating said physical connection 
(LC) during said silence periods (SP) detected 
by said active period detector (AP-DET). 

13. A network controller (NC) according to claim 11 or 
12, 

characterized In that 

said active period detector (AP-DET) comprises a 
real-time application data detector (RT-DET) for de- 
tecting whether said data packets (DP) to be trans- 
mitted from said networic side (NS) are real-time da- 
ta packets. 

1 4. A network controller (NC) according to one or more 
of claims 11-13. 
characterized In that 



said physical connection maintaining device (LC- 
MAIN) for maintaining said physical connection be- 
tween said subscriber terminal (SS) side and said 
network side (NS) in said active period (AP) com- 
prises a data packet transmission delay device (DP- 
DLY) for delaying the transmission of a data packet 
(DPI) at least for the inter-arival time (TDIFF) as 
monitored by said active period detector (AP-DET). 

1 5. A networic controller (NC) (Fig. 6) according to claim 
1 1 . characterized by 

a networic side transmitter queue (TR-QUE) 
from which data packets (DP) are successively 
transmitted to the subscriber temninal side 
(SS); 

a network side transmitter queue monitoring 
device (QUE-MON) for determining whether 
the transmitter queue (TR-QUE) comprises da- 
ta packets (DP) to be transmitted; 

a network side transmitter queue infonnatton 
setting means (FBI-SET) for determining, on ^ 
the basis of the detemiination made by said 
transmitter queue monitoring means (QUE- 
MON), a transmitter queue (TR-QUE) infonna- 
tion (FBI) indicating whether the transmitter' 
queue (TR-QUE) is empty (FBI=1) or whether 
the transmitter queue (TR-QUE) contains at 
least one data packet to be transmitted to the 
subscriber temninal side (FB!=0); and 

a network side transmitter (NS-TR) for transmit-/ 
ting to said subscriber terminal side (SS) datav 
packets (DP) from the transmitter queue (TR- 
QUE) and for transmitting in association with a 
respective data packet (DP) said transmitter 
queue (TR-QUE) information (FBI). 

16. A networic controller (NC) (Fig. 5) according to claim 
1 5, characterized in that 

said physical connection maintaining device (LC- 
MAIN) comprises a networic side timer (T) for count- 
ing the inter-anival time (TDIFF) when a respective 
data packet (DP) is transmitted; 
wherein if said networic side transmitter queue mon- 
itoring device (QUE-MON) does not determine an 
entry of a new data packet (DP) in the transmitter 
queue (TR-QUE) in said counted inter-arrival time 
(TDIFF), said network side transmitter (SS-TR) 
transmits a special data packet (DP) to the sub- 
scriber terminal side and in association therewith a 
transmitter queue (TR-QUE) infonnation (FBI=1 ) in- 
dicating that the transmitter queue (TR-QUE) is 
empty. 

17. A networic controller (NC) (Fig. 5) according to claim 
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1 6, characterized in lhat 

said special data packet (DP) is the last transmitted 
data packet (DP) or a dummy data packet (DP). 

18. A network controller (NC) according to claim 15, 
characterized In that 

said physical connection maintaining device (LC- 
M AIN) comprises a network side timer (T) for count- 
ing the inter-arrival time (TDIFF) when a respective 
data packet (DP) is transmitted; 
wherein if said network side transmitter queue mon- 
itoring device (QUE-MON) does not determine an 
entry of a new data packet (DP) in the transmitter 
queue (TR-QUE) in said counted inter-arrival time 
(TDIFF), said network side transmitter (SS-TR) 
transmits a packet switched signalling message 
(PACKET TBF Release) to the subscriber terminal 
(SS) side and in association therewith a transmitter 
queue (TR-QUE) information (FBI=1) indicating 
that the transmitter queue (TR-QUE) is empty. 

19. A network controller according to one or more 
claims 15 to 18. characterized in that 

said transmitter queue infomnation (FBI) Is transmit- 
ted in a respective data packet (DP). 

20. A communication system (SYS) for perfomning 
packet data transfer on a connection (UL, DL) be- 
tween the subscriber temriinal (SS) side and a net- 
work side (NS), wherein during a data packet trans- 
fer a physical connection (TBF) is maintained which 
indicates in the subscriber temninai (SS) and the 
network side (NS) that the subscriber temninai (SS) 
and the network side (NS) are capable of perform- 
ing said packet data transfer, comprising at least 
one networi< controller (NC) according to one or 
more of claims 11-19. 

21. A communication system (SYS) for perfomning 
packet data transfer on a connection (UL, DL) be- 
tween the subscriber terminal (SS) side and a net- 
work side (NS), wherein during a data packet trans- 
fer a physical connection fTBF) is maintained which 
indicates in the subscriber temninai (SS) and the 
network side (NS) that the subscriber temninai (SS) 
and the networic side (NS) are capable of perfomn- 
ing said packet data transfer, comprising at least 
one subscriber terminal (SS) according to one or 
more of claims 1-9 and at least one network con- 
troller (NC) according to one or more of claims 
11-19. 

22. A method for perfomning in a communication sys- 
tem (SYS) a packet data transfer on a connection 
(UL, DL) between a subscriber temninai (SS) side 
and a network side (NS), comprising the following 
steps: 



a) maintaining (ST85, ST83) during a data 
packet transfer on said connection a physical 
connection (TBF) which indicates in the sub- 
scriber temninai (SS) and the network side (NS) 
5 that the subscriber terminal (SS) and the net- 

wori< side (NS) are valid for performing said 
packet data transfer, 
characterized by the following steps: 

10 b) monitoring (ST82), during a data packet 

transfer from said subscribertennninal side (SS) 
to said network side (NS), the inter-arrivai time 
(TDIFF) of data packets (DP) and determining 
as an active period (AP) the period from a first 

15 data packet (DPI) to a last data packet (DPn) 

for which each monitored Inter-arrival time 
(TDIFF) fails in a predetemnined range (TRA); 
and 

20 c) wherein said physical connection between 

said subscribertenminal (SS) side and said net- 
work side (NS) is maintained (STB5) in said ac- 
tive period (AP). 

25 23. A method according to claim 22, 
characterized by 

detecting (ST82) silence periods (SP) in which 
no data packets for data packet transfer are 
30 available on said subscriber terminal side (SS); 

and 

temninating (ST83) said physical connection 
(LC) during said silence periods (SP). 

35 

24. A method according to claim 22 or 23, 
characterized by 

detecting whether said data packets (DP) are real- 
time data packets. 

40 

25. A method according to claim 22 or 23 or 24, 
characterized by 

delaying the transmission of a data packet (DPI ) at 
least for the inter-arrival time (TDIFF) as monitored 
45 by said active period detector (AP-DET). 

26. A method (Fig. 5) according to claim 22, 
characterized by 

50 transmitting (ST80, ST80') from a transmitter 

queue (TR-QUE) data packets (DP); 

detemnining (QUE-MON) whether the transmit- 
ter queue (TR-QUE) comprises data packets 
55 (DP) to be transmitted; 

detemnining (CV-SET) a transmitter queue (TR- 
QUE) infomnation (CV) indicating whether the 
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transmitter queue (TR-QUE) is empty (CV=0) 
or whether the transmitter queue (TR-QUE) 
contains at least one data packet to be trans- 
mitted to the network side (CV>0); and 

transmitting data packets (DP) from the trans- 
mitter queue (TR-QUE) and in association with 
a respective data packet (DP) said transmitter 
queue (TR-QUE) infomiation (CV). 

27. A method according to claim 26. 
characterized by 

counting (ST91', ST94', STIOV) the inter-arrival 
time (TDIFF) when a respective data packet (DP) 
is transmitted; 

wherein if an entry of a new data packet (DP) into 
the transmitter queue (TR-QUE) Is not detemnined 
in said counted inter-arrival time (TDIFF), transmit- 
ting (ST95, ST1 02) a special data packet (DP) from 
the network side and in association therewith a 
transmitter queue (TR-QUE) Infonnatlon (CV) indi- 
cating that the transmitter queue (TR-QUE) Is emp- 
ty. 

28. A method according to claim 27, 
characterized by 

transmitting (ST95, ST102) as said special data 
packet (DP) the last transmitted data packet (DP) 
or a dummy data packet (DP). 

29. A method according to claim 26, 
characterized by 



mation message (PACKET CONTROL ACK) 
but by transmitting (ST5a3*) said new data 
packet (DP) for maintaining said physical con- 
nection (TBF). 

30. A method according to one or more claims 22 to 29, 
characterized in that 

said transmitter queue infonmatlon (CV) Is transmit- 
ted in a respective data packet (DP). 

31 . A method according to claim 26, 
characterized by 

counting (ST111', ST114') the inter-arrival time 
(TDIFF) when a respective data packet (DP) Is 
transmitted; 

wherein if an entry of a new data packet (DP) into 
the transmitter queue (TR-QUE) Is not detenmined 
in said counted inter-arrival time (TDIFF), transmit- 
ting (ST115) a signalling message (PACKET TBF 
Release) from the network side (NS) and in associ- 
ation therewith a transmitter queue (TR-QUE) Infor- 
mation (CV) indicating that the transmitter queue 
CTR-QUE) is empty. 
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receiving (STSal) on the network side (NS) a 
transmitter queue (TR-QUE) infomnation 35 
(CV=0) indicating that the transmitter queue 
(TR-QUE) is empty; 

transmitting (ST5a2) an uplink release ac- 
knowledgement message (PACKET UPLINK 40 
ACK/NACK; FAI=1 ) from the network side (NS) 
to the subscriber terminal (SS) side; 

determining (STSal*. ST5a2') in the subscriber 
temninai side the receipt of said uplink release 
acknowledgement message (PACKET UP- 
LINK ACK/NACK; FA1=1); 

if a new entry of data packet (DP) in said trans- 
mitter queue (TR-QUE) is detected (STSal', so 
ST5a2') atter said subscriber terminal transmit- 
ter (SS-TR) has transmitted a transmitter 
queue (TR-QUE) information (CV=0) indicating 
that the transmitter queue (TR-QUE) is empty, 
said subscriber tenninal does not answer the ss 
uplink release acknowledgement message 
(PACKET UPLINK ACK/NACK; FAI=1) by 
transmitting (ST5a3) an uplink release confir- 
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